In this work, we expand on a previously reported realistic calculation of the magnetic field profile for the equation of state inside strongly magnetized neutron stars. In addition to showing that magnetic fields increase quadratically with increasing baryon chemical potential of magnetized matter (instead of exponentially, as previously assumed), we show here that the magnetic field increase with baryon number density is more complex and harder to model. We do so by the analysis of several different realistic models for the microscopic description of matter in the star (including hadronic, hybrid and quark models) combined with general relativistic solutions by solving Einstein-Maxwell's field equations in a self-consistent way for stars endowed with a poloidal magnetic field.
INTRODUCTION
In order to study the effects of magnetic fields in the equation of state of neutron stars, a profile for the strength of the field as a function of chemical potential or density must be provided.
If one has access to a code that calculates general relativistic solutions in the presence of a magnetic field by solving Einstein-Maxwell's field equations in a self-consistent way, this can be easily achieved. Alternatively, ad hoc profiles for the magnetic field have been provided and used by the nuclear physics community for the past two decades.
The first of these ad hoc profiles was suggested in Ref. Bandyopadhyay, Chakrabarty, & Pal (1997) 
with typical choices of constants = 0.01 and = 3. In this case, the magnetic field increases exponentially from a value surf at zero density to a value surf + 0 at asymptotically high densities.
This profile was subsequently used in approximately one hundred publications, among which the most cited ones are Barkovich, D'Olivo, & Montemayor (2004) In this work, we calculate the magnetic field distribution in the polar stellar direction and translate it to be a function of microscopic thermodynamical quantities, the baryon chemical potential and for the first time the baryon number density.
In order to do so, the macroscopic structure of the star must be obtained from the solution of Einstein-Maxwell equations.
Only in this way, can we ensure that the magnetic field profile in a star respects the Einstein-Maxwell field equations. In order to make our analysis as general as possible, we make use of three equations of state for the microscopic description of neutron stars with different matter composition: hadronic, hybrid and quark. They represent state-of-the-art approaches that fulfill current nuclear and astrophysical constraints, such as the prediction of massive stars.
FORMALISM
The first model was obtained from Refs. Gomes, Dexheimer, Schramm, & Vasconcellos (2015) ; Gomes, Dexheimer, & Vasconcellos (2014) and it will be referred to as "G-model".
It is a hadronic model that simulates many-body forces among nucleons by non-linear self-couplings that come from 
with given in MeV and in Am 2 in order to produce * in units of the critical field for the electron = 4.414 × 10 13 G.
The coefficients , , and given in Table 1 .
In Fig. 2 In Fig. 3 , it can be clearly seen that the curves for the "G"
EoS model looks quadratic, while the others are better fit by a quartic polynomial (with completely different coefficients for the "D" and "H" EoS models). More specific, for the "D"
hybrid model, the change in slope in the curves exemplifies the change in degrees of freedom going from a pure hadronic Am 2 (curves on the top) and = 1 × 10 30 Am 2 (curves on the bottom).
phase to a phase containing a mixture of hadrons and quarks with increasing quark content. For the "H" quark model, the number density drops more sharply close to the star surface.
In any case, we do not provide a numerical fit for the mag- 
CONCLUSIONS
In this work, we provide a numerical fit that allows one to 
